Abstract Municipal planning represents a key avenue for local adaptation, but is subject to recognised constraints. To date, these constraints have focused on simplistic factors such as limited resources and lack of information. In this paper we argue that this focus has obscured a wider set of constraints which need to be acknowledged and addressed if adaptation is likely to advance through municipal planning. Although these recognised constraints are relevant, we argue that what underpins these issues are more fundamental challenges affecting local, placed-based planning by drawing on the related field of community-based environmental planning (CBEP). In considering a wider set of constraints to practical attempts towards adaptation, the paper considers planning based on a case study of three municipalities in Sydney, Australia in 2008. The results demonstrate that climate adaptation was widely accepted as an important issue for planning conducted by local governments. However, it was yet to be embedded in planning practice which retained a strong mitigation bias in relation to climate change. In considering the case study, we draw attention to factors thus far under-acknowledged in the climate adaptation literature. These include leadership, institutional context and competing planning agendas. These factors can serve as constraints or enabling mechanisms for achieving climate adaptation depending upon how they are exploited in any given situation. The paper concludes that, through Mitig Adapt Strateg Glob Change
build capacity regarding climate change impacts and adaptation options for local government. This has included multiple research and assessment initiatives, guidance for local government regarding methods for undertaking climate change risk assessments (AGO 2006) , and the identification of adaptation options that might be applied at the local scale (DCCEE 2010) . These initiatives have led to the proliferation of climate change risk assessment and adaptation planning by Australia's local governments (Preston and Kay 2010 ). Australia's efforts are mirrored in other parts of the world including Canada, New Zealand, and the UK (ME 2008; DCLG 2010; Richardson 2010; Smith et al. 2010) . The World Mayors Council was launched in 2005 to promote international cooperation on climate change including an annual forum on adaptation. Meanwhile, adaptation science and practice have promoted the concept of community-based adaptation, which is locally focused, participatory, and draws on the normative preferences and knowledge of local people (Ebi and Semenza 2008; Reid et al. 2009 ). Non-governmental organisations are also concentrating efforts at the local scale. The International Council for Local Environmental Initiatives (ICLEI), for example, has engaged in developing adaptation guidance and practice in a range of global regions including North America and Oceania with a particular emphasis on urban areas (Snover et al. 2007; ICELI Oceania 2008; ICLEI Canada 2010) .
While the interest in local adaptation planning and policy highlights the relevance of local government for adaptation, its ultimate role with respect to practical implementation of policies and measures is dependent upon other actors within the governance network Boydell 2010; Dovers and Hezri 2010) . This raises questions regarding the extent to which the mantra that 'adaptation is local' truly applies when examined through the lens of governance. Local government, like other institutions, operates within an 'institutional void' (Hajer 2003; Hajer and Versteeg 2005) , where the complexity of governance poses challenges to clear definitions of institutional roles and responsibilities, resulting in ineffectual policy development. Crabbé and Robin (2006) comment that the issue of climate change appears 'distant and cloudy' amongst an already crowded agenda of demands placed on local government by concerned citizens. Even in a single locality, the mandate of municipalities frequently extends from aesthetics to infrastructure, from parking to waste management (Wild River 2006; Pini et al. 2007 ). Furthermore, the mandate of local government is expanding, due to the shifting of responsibility from higher levels of authority to lower levels of authority, particularly from state and provincial authorities (Ivey et al. 2004) . Such constraints to action may explain why the apparent interest in adaptation and adaptation planning hasn't necessarily translated into the implementation of actions to reduce vulnerability (Repetto 2008; Ford et al. 2011; Berrang-Ford et al. 2011; Preston et al. 2011) .
In this paper our goal is to explore constraints to adaptation specifically in the context of local government, based on literature review and a case study involving three municipalities in Sydney, New South Wales, Australia. We first summarize the roles and responsibilities of local government in Australia, with particular emphasis on planning functions as the key adaptation-relevant responsibility of local government. Next, we outline the constraints on planning as a mechanism for adaptation that have been recognised in the climate change literature. We then turn to the conceptual sibling and longer established body of literature concerned with community-based environmental planning in order to demonstrate a wider set of constraints that are known to affect planning processes when incorporating community involvement. We subsequently present an empirical study of the constraints on planning for climate adaptation as identified by local government participants, and discuss the findings focusing on the political nature of local planning in practice as well as its linkages to the broader context of adaptation governance in Australia.
The role of Australian local government in adaptation
Australia's formal government system is comprised of three hierarchical levels: federal, state, and local. As such, local government is both the level of government that is most commensurate with the scale at which climate change is experienced and that which is most readily accessible by civil society. Local government is charged with a range of roles and responsibilities DCCEE 2010) , which have evolved over time with the evolution of the broader governance system. Some of these functions are regulatory in nature, particularly those associated with the approval of development, redevelopment or other modifications to the community landscape and built environment. This regulatory authority influences spatial planning, business activity and commerce, and is a core element of local government risk management. However, local government is also responsible for providing a diverse array of non-regulatory services including storm water management, community education, public health fire prevention, recreation, taxation, and enforcing statutory regulations on behalf of higher governments. These other responsibilities also have important implications for adaptation. The manner in which they are pursued varies among councils depending upon size, geography, the various assets and activities that occur within councils, and the legislative mandates codified in state government legislation.
In the context of climate change, this diversity of responsibilities creates a number of challenges. Local governments have responsibility, (often shared with state governments) for both identifying potential natural hazards, including those associated with climatic events, and for ensuring that consideration of such hazards is incorporated into statutory and non-statutory local government decision-making. As such, there is a 'duty-of-care' within local government to ensure that development decisions do not create the potential for significant, unmanaged exposure to hazards. While this has long been a responsibility of local government, climate change has complicated this process by forcing municipalities to consider not only historical climate variability but also future climate change. Yet there is currently a general lack of either legislative directive or community best practice for how to incorporate climate risk and its uncertainties into local decision-making. This process, which necessitates learning, investment of resources, and policy development, must occur while local government fulfils the range of existing responsibilities. As such, climate adaptation is currently competing for space on the policy agenda as thus the budget of local government.
Perhaps the most crucial policy tools available to local government for driving adaptation to climate change are planning powers, which ultimately guide the execution and delivery of statutory and non-statutory powers and services. The rationale for local government's function of planning authority stems in part from its more direct interface with the public, and in part due to the subsidiarity principle, which argues for the smallest relevant scale of responding to a given challenge. Hence, local government has been argued to be the most salient political actor when responding to the locally specific manifestations of climate impacts, such as sea level rise or heat waves affecting any given community (Crabbé and Robin 2006) . For example, out of five adaptation strategies reviewed by Tompkins and Adger (2004) , some form of planning is central to three, namely urban planning to avoid the impacts of climate related hazards such as floods and heat stress, planning for demographic and consumption transition, and planning for ecosystem conservation.
It is also important to note that placed-based local government planning (not only for adaptation) occurs in two distinct modes. The first is strategic planning processes, which are important but not unique to local governments (Selman 1999) . At the local scale, such strategic planning fosters community vision, aspirational goals and connection to place, along with defining pathways to achieve these goals. The second form is land-use planning, which is focused on the allocation of space to balance economic prosperity with acceptable living standards and the conservation of natural resources (Selman 1996) . Although these two types of planning are quite different in practice, and in many cases are managed by different departments, we propose that both are highly important to climate change adaptation and contribute to achieving adaptation at the local scale.
Ultimately, however, the roles and responsibilities granted to local government are designated by state government (Adger 2003; Smith et al. 2009 ). For example, the Government of New South Wales' Local Government Act 1993, which is the principle legislation establishing the authority of local government, states, "all functions of a council come from statute, either from this Act or another Act." This statement alludes to the fact that a broad range of additional and overlapping legislation further defines the role of local government with respect to specific aspects of governance, such as planning, natural resources management, and coastal management ). In many instances, such legislation has yet to incorporate future climate change, which subsequently affects the legal mandate of local government to adapt. This phenomenon of local authorities acting as implementing agents for higher levels of government is typical of local government in general. In Norway for example, it is reported that local institutions have few incentives for pro-active management. However, even within the role of an implementation agent, local institutions still have 'room to manoeuvre' and take decisions quickly when opportunities (or threats) arise (Critchley and Scott 2005; Naess et al. 2005) . Hence, the legislative link between local and higher levels of government constrain local government to either undertake those actions that can be justified under existing responsibilities or to engage with the broader governance network to establish the necessary institutional arrangements in the development of new policies and measures (Adger 2003) .
Constraints recognised by the adaptation literature
Practical experience of climate adaptation through local planning has a relatively short history in the adaptation literature. Thus it is not surprising that in the climate change literature, the constraints on local adaptation planning have tended to be conceptualised in a relatively straight-forward, mechanical way, emphasising the importance of inadequate information, institutional limitations, lack of resources and a culture of reactive management. These are summarised in turn.
Lack of information
Access to information pertaining to the vulnerability of municipalities to climate impacts has been reportedly scarce in both urban and rural locations (Mukheibir and Ziervogel 2007; Crabbé and Robin 2006) . Due to the lack of reliable climate forecasts and predictions, scenarios have been used to assist climate adaptation planning, drawing on IPCC assessments, particularly at the national and state (provincial) scale (Dessai et al. 2005) . A key point is that the degree of information needed for planning depends upon the type of adaptation being considered. Furthermore it needs to be pertinent to politicians, planners and managers, at a relevant scale and timeframe for taking action, so that local governments can determine what it is they have to plan for (Amundsen et al. 2010 ).
Institutional limitations
Another recognised constraint on the ability of local institutions to adapt to climate change through planning concerns their institutional context. The policy framework in which local government operates is largely imposed by higher levels of governance, such as provincial, state and national policies. Indeed, in many cases, municipal authorities have no constitutional standing of their own. Rather they are the delegated agents of a higher power such as a state in Australia (Wild River 2006) or a province in the case of Canada (Ivey et al. 2004) . Hence for example in Sydney, a key planning mechanism known as Local Environmental Plans, prepared by individual councils, are a provision of the New South Wales Environmental Planning and Assessment Act 1979 (s53), and the State Minister for Planning is not bound by these plans, for example when considering state infrastructure projects.
Resource constraints
Municipalities are frequently highly constrained in terms of their financial capacity (Pini et al. 2007 ). In part this stems from the wide range of activities in which they are engaged. It is also due to their lack of institutional autonomy as already described. This lack of resources has been linked to reactive management of facilities and infrastructure. Municipal authorities are frequently tasked with managing state or province infrastructure, in addition to local infrastructure, yet their lack of authority and stressed resources inhibits effective life-cycle planning (Brackertz and Kenley 2002) . These resource constraints can lead to self-perpetuating short-term technical fixes rather than long-term integrated approaches to addressing problems (Crabbé and Robin 2006) .
Lessons for local adaptation from community-based environmental planning
While the history of local adaptation planning is relatively short, there is a much longer history of local planning on which to draw lessons. Community-based environmental planning (CBEP) presents a much more nuanced set of challenges affecting planning at the local and regional scale (Measham and Lane 2010) . This field has long had a focus on 'place-based' environmental management, focusing attention on the unique suite of characteristics that constitute a problem context for planning, in a similar way to that proposed by Turner et al. (2003) . A number of advantages and disadvantages of this type of planning have been recognized, and are relevant to current debates on climate adaptation.
Due to its focus on place, CBEP has been recognized as more sensitive to the local characteristics of a given environmental problem. Essentially, local, place-based communities are thought to be more familiar with their own particular challenges and thus better able to inform an appropriate planning process (Lane and McDonald 2005; Li 2002 ). On the basis of developing local 'ownership' of problems, CBEP is thought to lead to more legitimate processes than top-down planning which can isolate some stakeholders due to externally generated interests (Scott 1998) . In principle this more sensitive and legitimate process leads to more effective outcomes (Measham and Lane 2010) . While the notion of locally sensitive place-based planning is sound in principle, there are multiple problems with this mode of planning in practice. The first of these is that, even for discrete and localized communities, the range of stakeholder interests is highly heterogeneous and does not lend itself to consensus (Agrawal and Gibson 1999) . The difficulty in reaching consensus is not only concerned with defining desired outcomes. Indeed, a major barrier to local environmental planning has been lack of community agreement over problem formation (Selman 1999) .
A major challenge with place-based planning stems from overly simplistic notions of community. Naïve conceptions of community imply a homogenous, spatially fixed social group that shares a consciousness of being. Yet planning theorists emphasise that a multiplicity of communities exist, differentiated (and frequently divided) by factors including gender, ethnicity, class, and age (Lane and Corbett 2005) . This complexity poses multiple challenges for adaptation planning, in terms of what adaptation means for different groups, who benefits and loses from adaptation, and above all, how to define legitimate adaptation options.
A key aim of CBEP has been to enable the integration of local, experiential knowledge with scientific knowledge. However, in practice this has rarely been achieved due to differences in competing knowledges that may not be reconciled in a single planning process. Finally, CBEP has been criticized for the potential for parochial thinking to dominate, with the possibility that strategies which seem appropriate at one scale can have harmful effects at other scales (Lane and McDonald 2005) . This issue needs particular attention in the case of climate adaptation planning, because what may be considered reasonable adaptation for one community may have maladaptive effects for others (Adger et al. 2009 ).
Adaptation and local planning in Sydney
Based on the recognised constraints noted in the adaptation planning literature, and the wider lessons from CBEP, the authors developed a research project with the aim of identifying how local governments experience these constraints and how they address them in practical terms.
Background
The research presented in this paper formed part of a broader project called 'A Systems Approach to Regional Climate Change Adaptation Strategies in Metropolises' conducted from [2007] [2008] [2009] . This project was a partnership between the CSIRO Climate Adaptation Flagship, The University of the Sunshine Coast and the Sydney Coastal Councils Group. The latter represents the 15 coastal municipal councils in the Sydney region.
The project was developed in response to the need for practice-relevant research to build capacity in local governments to understand and address climate vulnerability at the local scale, in this case in Sydney Australia Shaw et al. 2009; Moser 2010) . The project involved three components. The first was an extensive mapping process to help council staff and elected officials to visualise vulnerability (Preston et al. 2008) . The second was a series of workshops to consider vulnerability relative to different council responsibilities and activities (Smith et al. 2008b ). The third phase involved case studies focusing on key adaptation barriers identified through the workshops (Smith et al. 2008a ). These barriers related to a) infrastructure b) community attitudes and c) planning processes. The latter is the subject of this paper.
Method
The data consist of in-depth interviews conducted in 2008 with staff from three municipal councils from across the Sydney region: Mosman, Leichhardt and Sutherland (Fig. 1) . The three councils were selected to reflect diversity in terms of their size, demographic profile and location within Sydney, and their relative vulnerability to different types of impacts (Table 1) . A total of 33 participants from these three councils took part in the interviews: (12, 11 and 10 from each respectively). Rather than speak only to planners, the research design made a deliberate effort to invite participants from a cross-section of council roles and responsibilities including elected leaders, senior managers, town planners, environmental managers, engineers and social planners. The rationale for this wider selection of participants is that climate adaptation requires an integrated approach.
The interview questions focused on the context, structure, process and outcomes of planning, in addition to some more general questions about the role of local government in relation to climate adaptation: The interviews were conducted and recorded by three researchers, each an author of this paper. All interviews took place on site at council offices and lasted between 30 min and 1 h. The analysis involved grouping the responses into qualitative themes with the assistance of NVivo (QSR 2010) software. Each researcher analysed all the data individually at first then compared their themes with those of the other researchers to reach a shared representation of the data. Not all of the interview themes were directly relevant to the focus of this paper, so some tangential themes have been removed. Further information on the methods and the full set of empirical results are presented in Smith et al. (2008a) .
Results
A summary of the interview questions by council is presented in Table 2 . The results emphasise a strong mitigation bias through acts such improving energy efficiency of buildings, street lighting and installation of small energy cogeneration plants. Most Uptake of mitigation initiatives.
Properties at risk of future inundation identified and would be notified.
Would be continued capacity to care for elderly in warmer climate.
Plans would be reviewed.
Planning timescales would match climate scenario timescales. Make adaptation planning more locally sensitive.
Interpret local implications from climate science assessments.
Lobby for changes to the NSW State legal framework for planning.
What do Councils need to do differently?
Acquire better information on local impacts
Reach consensus on the need for climate adaptation.
Collaborate more effectively with higher scales of government on large infrastructure implications.
Partner with State government
Partner with State Government.
Extend planning timeframes.
Enshrine climate chance in all policies.
LEP Local Environmental Plan; DCP Development Control Plan which collectively control local zoning.
'Would' signifies intended actions not yet implemented participants indicated that they had not considered adaptation at all prior to the interview. One rare example was the following:
…at the moment we're developing a system of cycleways along Woolooware Bay… Some of those are upgrade structures and…we've identified those as being potentially vulnerable to climate change, in particular sea level rise. It may mean that we need to redesign future components of that so that they're not vulnerable.
When asked specifically about adaptation compared with mitigation, five key challenges were raised: leadership, competing priorities, planning process, information constraints and institutional constraints, which are discussed in the next section.
Leadership
Most of the participants acknowledged that planning needs to address climate change in a local government context. However, the importance of climate adaptation, rather than mitigation, varied between councils. This was mostly due to the priority placed on climate change by the leaders of each council. For example, some participants saw it as an utmost priority It's really vital that our councillors want to be seen to be a leader in this area and would regard that our place-based planning needs to have a vision for the prospect of climate change.
Throughout the interviews it was clear that the opinions and value system of the mayor in particular, as well as the CEO or general manager, made a strong difference as to the opinions held by other participants. That said, there were several incidences where participants held contrasting positions to senior mangers or councillors which they were prepared to express in confidence. However, in some cases resistance was expressed to including climate change in the planning agenda:
I don't know that that's really reflected in the planning that we're doing at the moment. I think there's still an element of hope it won't happen.
While it is important to note some residual resistance to acknowledging climate change in general, overall there was a pervasive recognition of climate change as at least relevant for planning processes to consider, and hence there was sufficient recognition of the issue for it to be pushed onto the planning agenda.
Competing priorities
It was evident from interviews that adaptation represents only one area of priority amongst other competing interests for local government planning. This may account for some of the aforementioned reluctance to embrace the issue -such sentiments may not necessarily reflect outright scepticism, but rather feelings that the local government has more immediate issues with which to contend. These competing priorities arise from many sources, including the different perspectives and areas of operation among council staff and elected officials.
We're involved in everything from babies to bitumen and the request for more funding just comes in on a daily basis. We're not about to start throwing large sums of money at building extraordinary fortifications just in case the sea level rises. This comment stands in contrast with the broader view that climate change and adaptation is in fact an important issue for planning. However, it also suggests that in some cases, knowledge and responsibility for tracking and responding to climate change is not evenly distributed across local government departments. In the case study councils, climate change was conceptualized as an environmental issue. For this reason, dealing with it was assigned to the environment department, along with waste management and pollution control. Exceptions to this tendency were found among council engineers, who in many cases mentioned sea level rise when discussing local climate and coastal hazard management.
Planning process

Strategic planning and land-use planning
Across all three case study councils, interview participants emphasised that climate change was part of their strategic plan in some form, either specifically or grouped as one of a suite of other environmental issues. This demonstrates that climate change is being considered in the guiding strategies of the three councils to varying degrees. However the focus was on mitigation, more so than adaptation. For example, as one interviewee stated, Our strategic plan …[has]…a section…, 'reduced greenhouse gas emissions'. A lot of that was to do with climate change. That's from the community…as a council, we respond to this, it flows down into our management plan….
Beyond strategic plans, the extent to which climate change was incorporated into operational plans varied considerably. For example one council had a sustainability strategy which specified greenhouse reduction targets in different areas around council:
have these targets that feed down from our strategic plan to our … Management Plan, so they can be monitored. So there's specific targets for greenhouse gas reductions.
While climate change had appeared on the planning agenda, it had made little impact on development control and zoning plans. For example, at the time of the interviews, there was a lack of attention to climate change (either adaptation or mitigation) in Local Environmental Plans which frustrated several participants. For example, I think council have accepted it as an issue for planning but we're still stuck… we need to…make this something that we have to adhere to. Like to put it in our LEP and actually make some guidelines… An over-riding theme of the interviews was that councils were still in the process of coming to terms with climate change, still developing plans and a long way from implementing them. When asked about how they might apply their policies regarding climate adaptation, the most common response was that participants simply didn't know how to go about it.
I don't know… how do you operate policy? I suppose, if I look at sea-level rises, I suppose we're trying to deal with that through our …planning study…. But… operationalised policies is a bit of a different thing. I don't know how far advanced a lot of other organisations are with respect to that.
This quote draws attention to the fact that these challenges are not only faced by local governments, but by a broader range of organisations.
Information constraints
Participants identified a lack of useful, credible and relevant information about the nature of the climate risk to which they must adapt to be a key barrier for planning for climate change. This issue is captured in the following quote:
I guess there are some gaps in the knowledge -there are some issues that I'm not exactly aware of. We do talk about rise in sea levels and things like that but we're not really mapping those types of issues and I think we could respond to some of those issues a bit better, getting out a bit more data and research… As such, a key process to incorporate climate change into planning process was to improve the information base for key climate adaptation issues. Increased intensity in storm events and the potential for sea-level rise and storm surge were noted as potential concerns for some councils. One council had made significant progress in this regard, in the form of a two-dimensional flood level study (see Box 1).
At the time of the interviews, engineers were undertaking a two-dimensional flood-level modelling study to calculate revised storm surge levels by incorporating a margin to allow for predictions of sea-level rise and more intense storm events:
We're also doing a estuary planning level study… which is working out storm surge levels around the foreshore based on a modelling of the whole harbour…it just recommends levels to build above and it has a built-in climate change factor…
The study involved working closely with climate scientists to provide access to the best available science, which was then applied to generate locally-relevant estimates of potential inundation.
The more that information was specific, the more powerful this became in terms of making a case for adaptation through planning. Again, sea-level rise represents an example where the impacts of climate change can be mapped and provide an argument for adaptation:
…we put…various reports to council -and sea-level rise is one of the best ones because we had a number that we could go with. We mapped that number and it just showed on a map exactly what the potential impacts of that were. So they could see in an instant what it was… Of particular note was the desire for so called 'concrete' information, such as identifying tangible hazards in the form of particular parks or residential areas. This leads to another process issue for planning for climate change in the form of getting specific about the nature of planning challenges and how to respond to them.
Institutional constraints
In the Sydney coastal council region, municipalities have a legislated responsibility for incorporating hazard management into planning, for hazards such as flooding and bushfires. However, the institutions underpinning this responsibility are largely developed and maintained by the Government of New South Wales, which at the time of the interviews, did recognize a changing climate but had not translated this recognition into updated policies or processes relating to local planning. This was particularly noted by participants when discussing sea level rise. Councils had the option of voluntarily including a margin for sea level rise; however this was hard to justify to competing planning interests without endorsement from a higher authority. As one participant explained:
…in terms of adapting to climate change we feel that we can only take it so far and we can't take it any further….We acknowledge the problem… but until there is a federal or state [decision]… to come out and say plan on a 50 year or a 100 year time horizon based on this degree of impact, we can't get off first base with flooding.
Box 1 Addressing knowledge gaps: examples of sea level rise and storm surge effects At Leichhardt Council, engineers had undertaken a two-dimensional flood-level modelling study to calculate revised storm surge levels incorporating a 300mm margin to allow for predicted sea-level rise and more intense storm events. The study involved working closely with climate scientists to provide access to the best science available at the time, which was then applied to generate locally-relevant estimates of potential inundation. Although there was still some debate over the exact margin to use, the outcome of the study was to provide planning staff with better information (i.e. compared with no increase) and a more precautionary approach to development control in the future. This provided an example of addressing key knowledge gaps for Leichhardt Council and a starting point for coordinating efforts across councils when it comes to improving the information base to inform local planning.
Similarly, at Sutherland Council, engineers prepared a digital terrain model to consider different sea level rise scenarios and identify areas that could be impacted by future inundation. This raised the question of informing the owners of properties potentially at risk, such as stating the risk of future inundation on property certificates. Council staff considered the potential legal implications of failing to inform affected properties, should sea level rise be formally recognised within the NSW State Government legal framework.
So, in principle, councils can be more conservative in their planning than they are required to by state flood policy guidelines. However without the legal basis for adjusting local environmental planning in terms of climate change, it is difficult to do so in the face of competing planning interests.
In response to the limited provision to adapt to climate change through existing planning processes, council staff recognised the importance of lobbying for revising those processes, as one participant explained:
…the planning [instruments]… affect what kind of things are being allowed to happen in your immediate area…but obviously there is the state. Well then we have a lobbying role… it's lobbying the…government levels that are changing those controls In this way, local government staff didn't see themselves as passive agents to implement state directives. Rather they saw themselves as grass roots agents of change who educated and empowered local communities and lobbied for institutional change when the planning architecture was constrained.
Discussion
The opportunities and constraints associated with local government adaptation efforts in the Sydney metropolitan region reflect a range of challenges with respect to how Australia has structured its national adaptation efforts. At the institutional level, Australia's efforts to facilitate adaptation have largely targeted the deficiency of knowledge and information regarding future climate change, vulnerability, and appropriate adaptation options. For example, the federal government has invested in the formation of adaptation research institutes such as the CSIRO Climate Adaptation Flagship and the National Climate Change Adaptation Research Facility. In addition, Preston and Kay (2010) observe that much of Australia's investments in adaptation to date have been in the form of scientific and technical assessment at the local level. Provisioning such information has resulted in a range of climate change risk assessments as well as risk management and adaptation guidance for local government (AGO 2006; DCCEE 2010) . There are now dozens of local governments throughout Australia that are more aware of climate change risks and have identified a broad range of management responses. This represents a significant step forward yet also raises further questions on how to finance adaptation actions and implement the changes to planning frameworks which emerged as a key finding of this paper.
In theory and in practice, local government is identified as the closest level of government to community action. It is the scale at which the majority of development applications are processed, where most waste is managed and the health of the population is monitored (Brown 1997) . However this proximity presents key challenges for local governments. The councils presented in this research saw themselves as educators and implementers of adaptation, yet were mindful to avoid pushing their communities too far.
The three main barriers recognised in the adaptation literature -lack of information, lack of resources and institutional limitations-were clearly evident in the case study councils. The manner in which councils addressed these existing concerns is insightful for other locations. In terms of lack of information, it is important to emphasise that the need for information varies not only due to the adaptation issue in question as argued by Dessai et al. (2005) but also due to the specific location, priorities and existing capacity of different councils. Our findings show that, in the case of sea-level rise and storm surge implications for planning, the information needs are quite specific and can be addressed through detailed hazard mapping in partnership with external technical support to provide best available estimates. In other instances, such as the effect of climate change on bushfire risk, councils did not need further detailed information. A workshop on this topic was sufficient for them to recognise that the frequency and intensity of this hazard may increase, but their information needs remain essentially unchanged (Smith et al. 2008b ). An important implication of this research is to promote policy interventions which enable local governments to distinguish between the information needs of different types of climate hazards, so that they can prioritise their needs effectively.
The case study provides additional insights into the recognised constraint of institutional limitations. Two distinct sources of institutional limitations were evident in this study: those stemming from council internal structures and those occurring at higher levels of government. The most acute internal limitation, noted across each of the three case study councils, was a strong tendency to assign climate adaptation (along with mitigation) to the environment section of the council. This stems from a legacy of thinking of climate change as an environmental issue. The challenge for local government is to recognise climate adaptation as a cross-sectoral issue. This was starting to occur in some of the case study councils between the environment and water sections, with engineers considering the implications of flood and storm surge events. Institutional 'silos' are a historic problem, and climate adaptation is a renewed reason to address the challenge of cross-sectoral integration within councils (Critchley and Scott 2005) .
The second type of institutional problem is much harder to address, namely the institutional context in which councils function. As Naess et al. (2005) demonstrate, councils frequently fulfil the role of implementing actions defined at higher scales, with little room to manoeuvre. Therefore, a lack of attention to climate change at the national and state levels leads to a lack of attention to climate adaptation at the local level (Amundsen et al. 2010 ). In our case study, this issue was most acute in regards to land use planning. Interviews with planners made it clear that a key flaw in the planning frameworks they use was that they assumed a stable climate, thus substantially constraining any attempt to incorporate climate adaptation into municipal planning.
Yet our case study extends this picture in showing that, by identifying and specifying the limitations of higher level institutional arrangements, it is possible for local levels to argue a basis for change at the national level. This process moves from adaptation science to the political domain, as happened following the empirical research presented here. One of the partners in the research, namely the Sydney Coastal Councils Group, lobbied the Government of New South Wales to change the planning laws by which local governments operate in order to recognise sea level rise in the planning system and enable municipalities to plan for this climate impact. Without attributing causality directly to either this research or the political lobbying of SCCG, it is important to note that the planning framework was amended by the state government following this project such that sea level rise and guidelines were developed for integrating sea level rise into municipal planning frameworks. These guidelines include considering future development assessment against hazard lines reflecting a projected sea level rise of 40 cm by 2050 and 90 cm by 2100 from 1990 mean levels (Department of Planning 2010). What this demonstrates is that a scientifically sound research combined with local political lobbying can lead to policy change at higher scales.
The case study also draws attention to the complicated nature of place-based planning which is raised in the literature on CBEP. This literature emphasises the multiplicity of intersecting communities which contest each other (Lane and McDonald 2005) . In the case study presented here, this manifested itself as competing planning priorities. What our findings show of relevance to other locations is that, in any given local authority, the planning agenda is usually already full. Presenting the need for climate adaptation competes for space amongst other needs which can seem more pressing for local councils such as road maintenance and child care facilities. This issue of competing priorities is inherently tied to the issue of resources (Critchley and Scott 2005) . Even if the need for climate adaptation is acknowledged in the conceptual realm of strategic planning, it may be underrepresented when it comes to allocating scarce resources.
The political nature of local government means that all decisions, including climate adaptation, are affected by political interests and competing preferences vying for support at the municipal scale (Keen et al. 2006) . Our findings emphasise the role of leadership support for adaptation in the propensity to respond to climate change through local planning. Brown (2005) notes that leadership on sustainability matters in local government can come from a wide range of levels -from junior staff to senior executives and elected representatives. Therefore, climate adaptation can be driven from within the ranks. However, it is important to recognise that allocating adequate resources and setting goals is strongly tied to the platforms of elected officials, which means that the support, or lack of it, from political leaders can enable or stifle climate adaptation at the local scale. In some ways we are seeing at the local scale an echo of the international political debates held amongst national leaders and scientific communities such as the IPCC. Some local leaders are pushing for action whilst others are stalling based on claims of inadequate information, or denying the need for local adaptation in the face of other interests. Where local leaders considered climate change to be a pressing issue, resources were available and information needs were addressed. Above all, support from senior leaders is necessary to develop a coordinated approach to climate adaptation through implementing relevant tools and processes across internal divisions (Critchley and Scott 2005) .
Conclusion
Local government is at the coal face of adaptation in the context of place-based vulnerability where impacts are experienced in the forms of inundation, bushfires, heatwaves and rising sea levels. To adequately plan and adapt to these challenges, local government needs to show leadership in three core areas. First, to move beyond mitigation to include a focus on adaptation in practical terms; second, to push for reform at higher levels of government to enable changes in the planning frameworks which currently hinder local adaptation; and third, to embed climate adaptation into a wider range of council functions.
Due to the competing interests associated with local place-based planning and the politicised nature of local government, it can not be assumed that addressing the surface constraints alone (such as lack of information and resources) will significantly enable local adaptation in the face of political resistance. It has taken local government a long time to embed climate mitigation into policy and practice, so it is not surprising that movement towards climate adaptation has been slow. The need for climate adaptation was being taken up, to varying degrees, by strategic planners in each of the case study municipalities, but not by land-use planners at the time of data collection. Moreover, a key flaw in the planning frameworks in use was that they assumed a stable climate, with no mechanisms established to facilitate adaptation. Following this research and political lobbying for a better policy platform on behalf of project partners, the planning framework has been altered in New South Wales to recognise sea level rise. This demonstrates that the institutional context for achieving climate change through local planning can be improved when research is used to assist local governments to lobby higher levels of government. Only by gaining acceptance in the political arena can climate adaptation gain traction on the planning agenda.
